INTRODUCTION
Stereotactic techniques were initially developed for experimental purposes and anatomic localisation studies 1 . Robert Henry Clarke and Victor Horsley originally described the stereotactic method in 1906. They defined cartesian coordinates and studied accessing subcortical structures using a three-dimensional positioning device with the same coordinate system 2, 3 .
Despite Clarke's suggestion to use stereotaxis for the treatment of brain tumors, Horsley did not consider applications beyond the laboratory, and human use in subcortical stereotaxis came into practice only after Spiegel and Wycis's proposal to apply stereotaxis in the management of human brain neoplasms [2] [3] [4] . Meanwhile, Leksell established the basis of a novel system combining the cartesian system with other systems, which consisted of an apparatus fixed to Guiot et al. 6, 7 and Riechert and Mundinger 8 were the first investigators to introduce open stereotactic craniotomy, which was then enjoyed broader applications and further refinements owing to the advances in the field of medical imaging such as computerized tomography 9 and magnetic resonance imaging 10 . Current image-guided stereotactic procedures include biopsy [11] [12] [13] [14] [15] , cyst aspiration 16, 17 , focal irradiation 18, 19 , and hematoma evacuation [20] [21] [22] , neuroaugmentation 22, 23 , stereotactic robotic microsurgery [24] [25] [26] and neural transplantation 27, 28 . These techniques facilitate precise localization and resection of lesions in eloquent regions of brain and help minimize operative injury to the surrounding tissues.
ÖZ

Stereotaktik mikrocerrahi teknik beynin derin ya da yüzeyel kortikal alanlarındaki kitlelerin doğru hedeflenmesine ve yeterli eksizyonuna olanak tanır ve çevre dokuların cerrahiden etkilenimini en aza indirir. Çalışmamız Leksell çerçeve kullanılarak stereotaktik yöntemle bilgisayarlı tomografi (BT) klavuzluğunda mikrocerrahi rezeksiyonu yapılan intrakranial kitle tanılı olguları kapsamaktadır. Temmuz 2000 ve Eylül 2017 arasında stereotaktik mikrocerrahi rezeksiyonu yapılan toplam 42 hasta çalışmaya alınmıştır.
Klinik, radyolojik, histopatolojik veriler ve takip bilgileri retrospektif olarak incelendi. Hastaların ameliyat öncesi ve sonrası klinik durumları Karnofsky Performans Skalası (KPS) kullanılarak değerlendirildi. Yüksek gradeli glioma tanısı alan olgular dışındaki
In this study, we report our experience with CTguided stereotactic microsurgical resection of cerebral lesions using the Leksell frame and discuss the indications, results and limitations of the technique under the light of current literature.
MATERIALS and METHODS
Patients
A total of 42 patients undergoing stereotactic microsurgical resection of cerebral lesions guided by computerized tomography between June 2000 and September 2017 at the Neurosurgery Departments of Haydarpasa and Göztepe Training Hospitals were included in this study. Informed consents were obtained from the patients. Clinical, radiological and histological data as well as the records of pre-operative and post-operative neurological examinations, complications, and follow-up period were retrospectively evaluated. Stereotactic biopsies, brachytherapies, Ommaya reservoir applications, and cyst aspirations were not included.
Preoperative Clinical Assessments
Preoperative clinical, radiological and neurological data were examined and all patients underwent a comprehensive evaluation by a medical team, which included a neurosurgeon, neuropathologist, neuroradiologist, and neuroanesthesiologist. Past or current history of bleeding diathesis was evaluated by an internal medicine specialist, and the high-risk patients were excluded. Patients on antithrombocytic treatment were instructed to stop medication at least seven days before the procedure. Pre-and postoperative general status of the patient was assessed by Karnofsky Performance Scale (KPS). Procedures were performed under general anesthesia.
Operative technique
Leksell Stereotactic system (Elekta-Sweden) and the General Electric CT scanner were used for the stereotactic procedures (Fig 1) . The stereotactic frame was placed under local anesthesia and attention was paid to the insertion sites of the pins to avoid encroachment upon the operative area. After calculation of the target coordinates, the patient was taken to the operating room and the procedure was performed under general anesthesia. A small patch of hair was shaved over the operative site and the entire head and the frame were placed and draped in a sterile fashion. Then the standard microsurgical stereotactic procedure was performed as previously described [29] [30] [31] [32] . A Sedan needle was used as a guide to determine the target area of craniotomy. For this purpose, a linear scalp incision of 5 to 6 cm in length was made over the target site and then a 3 cm craniotomy was performed using a high-speed drill. In order to expose the cortical surface a cruciate-shaped opening on the dura was made, which was followed by the resection of the lesion by the operating microscope using standard microsurgical techniques. For superficial lesions, sedan biopsy needle was used to confirm the precision of the surgical incision and verification of the approach. Deep-seated lesions on the other hand were resected by means of a stereotactically directed cylindrical retractor that is inserted through a dilated cortical and subcortical white matter incision. The incision was made with the guidance of sedan needle and dilated using a retractor-dilator system. A cranial CT was routinely performed within 24 hours after the procedure and repeated when required. Patients with tuberculomas received anti-tuberculous treatment until radiological and clinical cure was achieved.
RESULTS
Twenty-seven cases (64.3%) were male and 15 (35.7%) were female, with a mean age of 46.4±18.2 years (range: 10-72 y). Three subjects (7.1%) were in the pediatric age group (<15 years). The most common presentations included convulsions (n=25, 59.5%) -including one patient with status epilepticus and one patient with intractable seizures-and muscle weakness of the upper and/or lower extremities (n=13, 31.0%), followed by headache (n=5, 11.9%), acute hydrocephalus (n=2, 4.8%), and fever (n=1, 2.4%). Muscle weakness in extremities was the most common sign detected in the neurological examination. Localizations and histopathological features of the lesions are shown in Table 1 and Table 2 , respectively.
Except for the subjects with high-grade gliomas, complete resection could be accomplished in all cases as confirmed by the postoperative CT and/or MRI scans. Among 24 cases, complete cessation of convulsions was attained in 20 and a decrease in the number and frequency of epileptic attacks was noted in 4 cases.
The total operating time ranged between 2.5 and 4 hours (mean: 3.3 h) and the average duration of hospital stay was 3.5 days (range 2-11). Patients were followed-up for an average of 31.4±31.5 months (range: 8-132 m). Overall, 20 patients had no change in the KPS score, while 28 patients had increased and two had decreased KPS scores.
One subject experienced postoperative subdural effusion which was successfully managed with steroids, while another had a hematoma in the operation site, which did not cause a mass-effect, and resolved upon conservative monitoring. No patients had infection. Transient neurological deficits occurred in five patients that were mainly self-limited and mild sensory deficits lasting 4-5 days after resection of lesions adjacent to the precentral gyrus. One patient 25, 33, 34 . Therefore, stereotactic craniotomy combines this precision with the advantages of open surgery to minimize the possibility of exposure and injury to the surrounding tissues. As compared to simple biopsy, stereotactic craniotomy may increase the accuracy of histopathological diagnosis and provide further therapeutic benefits thaks to the reversal of progressive neurological deficits 15, 34 .
Recently stereotactic robotic microsurgery has been developed based on stereotactic surgery with/without frame. Although this system can be used in various areas of neurosurgery, they are expensive and sophisticated systems requiring further equipments. On the other hand, frame-based and CT-guided stereotactic microsurgery is safe and effective in selected cases. Furthermore, this system is more applicable owing to the fact that it is simple and cheap 9,13,24-26 .
Patients with well-demarcated lesions less than 3 cm in diameter that are deeply localized within the cerebrum, the lesions superficially located near the functional cortex or otherwise difficult to localize are the best candidates for the procedure. The best results have been reported for benign lesions such as tuberculomas 16, 35 , cavernomas 36 , and colloid cysts 37, 38 ; however it is also possible to remove metastatic lesions with desirable consequences 39 . Stereotactic craniotomy does not seem to provide any particular advantages in malignant glioma surgery and thus best outcomes were observed in benign localized lesions such as tuberculomas, cavernomas, and colloid cysts among our participants. In addition, total resection was possible in all subjects with metastasis with good results.
Stereotactic craniotomy requires small and linear scalp incisions (generally ≤ 5-6 cm in length) and minimal bone removal (about 2.5-3 cm). This limited craniotomy and surgical exposure minimize the risks of postoperative complications and provide earlier wound healing and rapid recovery. The procedures are well tolerated by the patients and they shorten the duration of hospital stay as reflected by the fact that most patients are ready for discharge on postoperative day 2. As compared to conventional craniotomy, the average duration of the total surgical procedure including frame application, stereotactic imaging, surgical planning and craniotomy is longer; however, the actual operation under general anesthesia takes an average of 1.8 h.
Standard surgical techniques are still the recommended mainstay of treatment for the removal of lesions greater than 3.5 cm in diameter 25, 40, 41 . In line with this recommendation, none of our patients undergoing stereotactic microsurgical resection had a lesion greater than 3 cm in diameter.
Following the initial introduction of open stereotactic craniotomy by Guiot et al. 6, 7 and Riechert and Mundinger 8 , this technique has been more widely applied and further refined in recent years with more sophisticated instruments that was pioneered by Kelly et al. 30, 31 . Frameless stereotaxy may be considered as an alternative to open stereotactic craniotomy but currently these systems lack the advantages of frame -based systems, particularly for superficial lesions. Furthermore, most of these systems fuse the probe position to a CT image after its placement on or in a particular region. On the other hand, with deeper lesions, the placement of the probe into the brain for the purpose of locating the lesion or choosing the best approach could lead to injury of critical structures that should be avoided 42, 43 . Rarely, brain shift may present as a problem during stereotactic craniotomy which may lead to a significant loss of reliability of neuro-navigation systems during microsurgical removal of intracranial mass lesions. The course and the severity of brain shift may differ according to special subgroups of supratentorial lesions and it may be difficult to make exact preoperative predictions regarding the brain shift due to the heterogeneous nature of the lesions to be removed and due to the differences between superficial and subcortical areas. Only an intra-operative imaging modality can help overcome this known problem of modern neuronavigation 44 . A significant deal of debate has been continuing on the problem of brain shift during stereotactical craniotomies. Previously, due to the significant concerns about this problem, we placed stainless steel reference balls through a burr-hole and a stereotactically directed probe within a tumoral target volume. However, brain shift probably did not pose a significant problem in our experience due to the following methodological principles that were followed uniformly in all procedures 45 : (1) the craniotomy was in the least dependent position in the surgical field. The patient's head was positioned in such a way that the arch angle was close to zero; (2) the dura was opened only after the intracranial pressure was lowered by hypocarbia, reverse Trendelenburg position, barbiturates and hyperosmotic agents; (3) the ventricular system was not entered until the peritumoral plane was identified; (4) tumors were not debulked until entire plane was determined around the lesion.
Removal of contrast-enhancing portions of highgrade gliomas with acceptable mortality and morbidity can be accomplished with computer-assisted stereotactic resection 32, [45] [46] [47] . Similarly, resection was achieved with minimal morbidity in our patients with high-grade glial neoplasms and no contrast-enhanced areas were detected postoperatively.
The resectability of low-grade astrocytomas is closely associated with the histological features of the tumor. These tumors do not exhibit a clear demarcation from the brain parenchyma, which may hamper resection and cause neurological deficits 30, 45, 47 . In our study group, both of the two patients with low-grade astrocytoma had postoperative neurological deficits, which resolved quickly in one but persisted in the other in the form of a mild-deficit after long-term rehabilitation.
In general, metastatic tumors are well circumscribed and the plane between tumour and edematous brain tissue can be readily identified 39 . In line with these observations, resection did not present any difficulty in our patients with metastatic lesions and no residual mass was detected postoperatively. One subject experienced a transient neurological deficit that resolved completely with anti-edema treatment.
In our patients with small superficial lesions suggesting tuberculoma, we preferred stereotactic microsurgical excision over open biopsy on the basis of the following reasons: (i) possible injury to superficial cortical vessels during closed biopsy for tuberculoma; (ii) greater likelihood of reaching a definitive diagnosis because of the larger sample size obtained by tumoral excision; (iii) provision of symptomatic control (e.g. seizures) and shortened duration of antituberculous treatment 16, 35, 48, 49 . After total resection of the tuberculomas, a complete cessation of convulsions was achieved in all subjects in our study.
For lymphomas, surgical resection is not recommended, and following a definitive diagnosis of lymphoma is made with stereotactic biopsy, chemotherapy and radiotherapy can be initiated 50 . Our lymphoma patients undergoing resection had not presented with a classical radiological appearance.
Stereotactic puncture and antibiotic treatment based on the culture results are the preferred method of management in pyogenic cerebral abscesses 51 . Similarly, in our unit, the initial therapeutic approach for cerebral abscesses consists of treatment with stereotactic punctures, and two cases in our study with cerebral abscesses underwent resection due to a false mass image and firm capsular structure detected during operation. In addition, two patients were operated due to a diagnosis of colloidal cyst without any complications.
Stereotactic craniotomy technique shortens operative time compared to conventional craniotomy, and gives the chance of radical treatment of the lesion 13, 38 . Complication rates of stereotactic craniotomy are similar to those observed in conventional craniotomy 29, 34, 36 . Absence of infection among our patient group may be explained by the comprehensive pre-operative assessments for possible foci of infection, treatment of infections before the procedure, prophylactic use of intraoperative antibiotics, and improved wound care. No patients had hemorrhage that required surgical intervention. One patient had a hematoma, which was resolved following conservative observation. Absence of hematomas requiring surgical drainage is probably associated with the preoperative assessment of patients in terms of bleeding diathesis by an internal medicine specialist, discontinuation of anti-aggregating agents, exclusion of patients with thrombocytopenia, and good perioperative bleeding control. No mortality was observed.
In conclusion, CT-guided stereotactic microsurgical craniotomy is a safe, reliable and effective technique, which is particularly useful for the surgical treatment of small, benign cranial lesions and cerebral metastases. It allows for the precise excision of cerebral lesions through small bony openings and planned transcortical trajectories; and ensures accurate localization while minimizing the risk of injury to adjacent tissues. However, despite the abundant tissue sampling for histopathological examination, it is currently relatively inapplicable to the treatment of malignant gliomas due to their infiltrative nature. With further advances, it may be possible to perform more precise debulking with minimal risk of injury to the surrounding normal tissues.
